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© An electronic module assembly includes a rela- 
tively thin, bendable base plate having at least one 
bend axis along which the base plate is bent over on 
itself to provide an enclosure. An inner surface of the 



base plate supports at least one, and preferably two, 
relatively thicker metal plates, one on each side of 
the bend axis, each metal plate acting as a heatsink 
for circuit components mounted thereon. 
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Field of the Invention 

The present invention relates to electronic 
module assemblies, and particularly to the type of 
module assembly that includes an external housing 
that encloses electronic components situated within 
the housing. 

Background of the Invention 

In the packaging of electronic components, it is 
frequently desirable to include many densely popu- 
lated electronic components within a single enclo- 
sure or package. In a typical situation, the compo- 
nents are mounted on one or more supporting 
plates or substrates which are interconnected by 
wires or other forms of conductors. The substrates 
may then be sealed from the environment, as by 
using a conformal coating. The sealed assembly 
may then be enclosed within a rigid or semi-rigid 
housing to protect the enclosed components. 

This conventional packaging technique tends to 
be undesirably expensive. In applications requiring 
relatively high power, the expense increases even 
more because the package may require internal or 
external heatsinks. A package that is robust, easily 
assembled, and less expensive is clearly desirable. 

Brief Description of the Drawin gs 

FIG. 1 is a perspective view of an electronic 
module assembly according to a preferred em- 
bodiment of the invention, showing the assem- 
bly prior to being folded into its ultimate configu- 
ration; 

FIG. 2 is a cross-sectional view of the electronic 
module assembly depicted in FIG. 1 taken along 
section line 2-2; 

FIG. 3 shows one way in which the FIG.1 as- 
sembly may be folded over on itself, and further 
illustrating end caps for covering side apertures 
in the folded assembly; 

FIG. 4 shows another way in which the FIG. 1 
assembly may be folded over on itself, and 
further illustrating end caps for covering side 
apertures in the folded assembly; and 
FIG. 5 is a diagrammatical view showing how a 
peripheral edge of the folded assemblies of FIG. 
3 or 4 may be formed to join mating peripheral 
edges of the end caps. 

Description of the Preferred Embodiment 

Referring to FIG. 1, an electronic module as- 
sembly 10 is shown at an intermediate stage of its 
construction. This assembly includes a relatively 
thin base plate 12 which may be formed from 
aluminum plate having a thickness of 13 mils, for 



example. The purpose of the base plate is to 
provide a robust, yet easily bendable support for 
electronic components that are mounted thereon. 
At a later stage of construction, the base plate will 
5 be bent over on itself to form an enclosure for the 
components that it supports. A bend axis 14 is 
shown which indicates where the base plate may 
be bent over on itself to form the enclosure. 

As shown best in FIG. 2, the base plate 12 has 
w an outer surface 16 and an inner surface 18. This 
inner surface 18 has a first circuit component area 
that is identified by the dashed line 20 (FIG. 1) and 
that is located on one side of the bend axis 1 4. A 
second circuit component area 22 is located on the 
15 inner surface 18 of the base plate 12 and situated 
on the opposite side of the bend axis 14. Each 
circuit component area is intended to carry elec- 
tronic circuit components, heatsinks, or any com- 
bination thereof. 
20 Referring to the first circuit component area 20, 

this area carries at least one thick metal plate that 
is mounted on the inner surface 18 of the base 
plate. In the illustrated embodiment, a single, rela- 
tively thick (as compared to the thickness of the 
25 base plate 12) metal plate 24 occupies most of the 
circuit component area 20. The bottom surface of 
the metal plate 24 is bonded to the inner surface 
18 of the base plate 12, while the top surface of the 
metal plate 24 supports electronic components 26. 
30 With this arrangement, the relatively thick metal 
plate 24 acts as a heatsink for the components 26. 

It is contemplated that the second circuit com- 
ponent area 22 will have additional circuit compo- 
nents 28 situated there, and that conductors 30 will 
35 extend from the circuit components 26 (situated at 
the first circuit component area 20) to the circuit 
components 28 (situated at the second circuit com- 
ponent area 22). In the preferred embodiment, a 
second, relatively thick metal plate 32 (not nec- 
40 essarily the same thickness as the plate 24) is 
mounted via its bottom surface to the inner surface 
18 of the base plate 12. The top surface of the 
plate 32 supports the circuit components 28 so that 
the plate 32 acts as a heatsink for components 28. 
45 Preferably, the components 26 and 28 are 

mounted directly on a thin, flexible insulating film 
34 (eg., polyimide) on which various metal inter- 
connects (including the conductors 30) are formed. 
One end 36 of the film 34 carries apertures 38 
so which can mate with pins in an electrical connector 
(not shown) to establish conductive paths between 
the circuit elements 26, 28, and the external world. 
To mate the non-illustrated connector pins with the 
apertures 38, a through hole (not shown in FIGs. 1 
55 and 2) is formed in the base plate 12 and in the 
metal plate 24 such that the through hole is imme- 
diately below the apertures 38. Referring briefly to 
FIG. 4, such a through hole 40 is shown. It permits 
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a male connector to mate with apertures 38' that 
are formed in an insulating film such as 34 (FIG. 
1). Holes 42 (FIG. 4) may be included for receiving 
fasteners to hold a connector to the assembly 
shown in FIG. 4. 

Referring to FIG. 1 again, the bottom surface of 
the insulating layer 34 is preferably bonded by 
heat-conductive adhesive to the underlying sur- 
faces of the plates 24 and 32. However, the bottom 
surface of insulating layer 34 that crosses the bend 
axis 14 is not bonded to either plate 20, 32 or to 
the base plate 12. Thus, as shown in FIG. 2, the 
portion of the insulation layer that overlies the gap 
41 is left unbonded. This allows the unbonded 
portion of the insulating layer to freely flex when 
the base plate is bent over on itself. 

Still referring to FIG. 1 , the illustrated assembly 
10 will be bent over on itself along the bend axis 
14 such that one edge 42 of the base plate 12 
abuts the edge 44 at the opposite end of the base 
plate. The resulting, semi-enclosed structure is 
shown in FIG. 3 wherein the mating edges 42 and 
44 meet at a seam 46. 

Returning to FIG. 1 again, it can be seen that 
the surface area of the relatively thick metal plate 
24 has a surface area that is smaller than the 
surface area of the base plate 12 so that peripheral 
portions 48 and 50 of the base plate are left 
uncovered by the plate 24. Similar peripheral por- 
tions of the base plate are left uncovered by the 
plate 32. As will be explained, these peripheral 
portions are deliberately left uncovered so that they 
may be conveniently used in completing the enclo- 
sure for the circuit components 26 and 28. 

Referring to FIG. 3 again, it can be seen that 
the outer surface 16 of the base plate 12 now 
forms the exterior of an enclosure for the compo- 
nents contained within. To complete the enclosure, 
the seam 46 may be welded closed, and the side 
apertures (e.g., aperture 52) that are formed by 
folding the base plate are preferably covered by 
end caps 54, 56. Each end cap has a peripheral 
portion 58 which is preferably joined to mating 
peripheral portions of the base plate, ie. peripheral 
portions 48 and 50 of FIG. 1. 

The way in which the end caps 54 and 56 are 
preferably joined to the base plate is shown sche- 
matically in FIG. 5. The numerals 48 identify the 
peripheral portions 48 of the base plate after they 
have been formed to have flanges 60. The numeral 
58 identifies the peripheral portion 58 of the end 
cap 54. To join the end cap 54 to the base plate 
12, the end cap 58 is firmly inserted into the 
aperture 52, and the peripheral portion 58 of the 
end cap 54 is folded over the flanges 60 to provide 
a tight seal for the assembly. 

Some of the advantages of the invention flow 
directly from the fact that the illustrated structure 



allows the base plate 12 to be relatively thin. This 
thinness allows the base plate to be easily bent 
into the shape shown in FIG. 3 without developing 
a significant amount of "spring back" force. The 

5 thinness of the base plate 12 does not, however, 
limit or detract from the heatsinking capability of 
the assembly because that function is provided by 
the relatively thicker plate 24 and/or plate 32. The 
result is a laminated structure that has the heatsin- 

w king capability, as needed, of a more massive 
structure without the forming difficulties associated 
with structures using more massive base plates. 

This also permits the peripheral edges 48, 50 
to also be thin enough to be relatively easily 

75 formed and joined with end caps 54 and 56. 

The embodiment shown in FIG. 3 illustrates 
one way in which the assembly 10 (FIG. 1) may be 
bent over on itself. The FIG. 3 embodiment results 
when the base plate 12 is provided with a single, 

20 continuous bend of about 180 degrees. The as- 
sembly 10 may however, be bent over on itself by 
using multiple (two or more) levels which cumula- 
tively allow the base plate to be bent over on itself 
about 180 degrees. An example which uses two 

25 separate bends of about 90° each is shown in FIG. 
4. Two bend lines 62, 64 are used to close the 
assembly and form a seam 46' which may be 
sealed by welding. End caps 66 and 68, provided 
to completely seal the assembly, may be formed 

30 and joined to the peripheral portions of the base 
plate as already described. 

Although the invention has been described in 
terms of preferred structure, it will be obvious to 
those skilled in the art that various alterations and 

35 modifications may be made without departing from 
the invention. Accordingly, it is intended that all 
such modifications and alterations be considered 
as within the spirit and scope of the invention as 
defined by the appended claims. 

40 

Claims 

1. A laminated electronic module assembly, com- 
prising: 

45 a relatively thin base plate having at least 

one bend axis along which the base plate is 
bent over on itself to provide a cavity that is 
enclosed above and below by first and second, 
substantially parallel, interior surfaces of the 

so bent base plate, at least one of said interior 

surfaces defining a first circuit component area 
located within the cavity and on one side of the 
bend axis; 

at least one un-bent metal plate that is 
55 thicker than the thin base plate, the metal plate 

being mounted within the cavity at the first 
circuit component area, the metal plate acting 
as a heatsink for one or more circuit compo- 
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nents to be mounted thereon; and 

circuit components mounted on the rela- 
tively thicker metal plate. 

2. A laminated electronic module assembly as set s 
forth in claim 1 wherein the other of the interior 
surfaces of the base plate has a second circuit 
component area located on an opposite side of 

the bend axis and further including: 

additional circuit components situated in io 
the second circuit component area; and 

conductors extending from the circuit com- 
ponents mounted on the un-bent relatively thic- 
ker metal plate to the additional circuit compo- 
nents. 75 

3. A laminated electronic module assembly as set 
forth in claim 2 further including a second 
relatively thicker metal plate mounted on said 
other interior surface of the base plate at the 20 
second circuit component area for supporting 

the additional circuit components. 



8. A laminated electronic module assembly as set 
forth in claim 7 wherein the insulating film 
extends over the bend axis of the base plate, 
and wherein the portion of the insulating film 
that crosses the bend axis is not bonded to the 
base plate. 

9. A laminated module assembly as set forth in 
claim 1 wherein the base plate has multiple 
bend axes along which the base plate is bent 
over on itself to provide a cumulative bend of 
about 180 degrees. 

10. A laminated electronic module assembly as set 
forth in claim 1 wherein the base plate has two 
separate bends of about 90 degrees each. 



4. A laminated electronic module assembly as set 
forth in claim 1 wherein the relatively thicker 25 
metal plate is selected to have a surface area 

that is smaller than the thin base plate's sur- 
face area such that, upon mounting the rela- 
tively thick metal plate at the first circuit com- 
ponent area, a peripheral portion of the base 30 
plate is left uncovered by the relatively thick 
metal plate so that said peripheral portion may 
be more readily formed to assist in enclosing 
the circuit components. 

35 

5. A laminated electronic module assembly as set 
forth in claim 4 wherein the base plate has first 
and second ends which are adjacent to each 
other after the base plate has been bent, and 
wherein the ends are sealed together. 40 

6. A laminated electronic module assembly as set 
forth in claim 4 including a pair of side ap- 
ertures formed by the bent base plate and 
bounded by peripheral portions of the base 45 
plate, and further including a pair of end caps 

for covering the apertures, the end caps having 
peripheral portions that are joined to the pe- 
ripheral portions of the"base plate. 

50 

7. A laminated electronic module assembly as set 
forth in claim 2, further including a flexible, 
insulating film for carrying circuit components 
that are situated in the first and second circuit 
component areas, the insulating film being 55 
bonded to the relatively thick metal plate and 
extending from the first circuit component area 

to the second circuit component area. 
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